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(54) Printing systems < 

(57) An ink printing system Includes a print cartridge 
(10), having an Ink includes a print cartridge (10). having 
an ink reservoir (32) and an ink fill hole (28). and an Ink 
refill system (80) for engaging the print cartridge's ink fill 
hole and transferring ink to the Ink reservoir. The ink fill 
hole has a stopper (74) blocking the hole to prevent Ink 
leakage through the hole. The ink refill system contain- 
ing a supply of ink has a male valve (86), resembling a 
hollow needle, which Is inserted through the inkflll hole 



and pushes the stopper into the ink reseryolr. The male \ 
valve creates an airtight .fluid cpnimunication path be-: 
tween the print cartridge -and. the ink ^upply in the ink 
refill system. Ink is then transferred from the ink refill 
system into the print cartridge., Tlie ink refill system is 
then remoyed from the print cartridge. The male valve, 
of the ink refill system has a releasable tip (92) which Is 
pulled into the ink fill hole to seal the ink fill hole. The tip 
is then released from the male valve such as by un- 
screwing the male valve from th^ tip^ 
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Description 

This invention relates to Inkjet printers and, more 
particularly, to a technique for refilling Inkjet print car- 
tridges with ink and to an Ink valve having a releasable 
tip for a print cartridge recharge system. 

A popular type of Inkjet printer contains a scanning 
carriage for supporting one or more disposable print car- 
tridges. Each disposable print cartridge contains a sup- 
ply of Ink in an Ink reservoir, a printhead, and ink chan- 
nels which lead from the Ink resen/oir to ink ejection 
chambers formed on the printhead. An Ink ejection ele- 
ment, such as a heater resistor or a piezoelectric ele- 
ment, Is located within each ink ejectipn .charnber. Jhe . 
Ink ejection elements are. selectively fired.^causl^^^^ a 
droplet of ink to be ejected' through a nozzle overlying 
each activated Ink ej.ect|qn chamber so as to print a pat-;^ 
tern of dots on.the medlunri. ^When^such prlritlng takes 
place at 300 dots per inch (dpi) or greater, the individual 
dots are Indistinguishable Irpnri one another and, hjgh 
quality characters and Images are printed. 

Once the initial supply of ink'ln the' ink reservoir Is > 
depleted, the print cartrkdge Is disposed of and a new 
print cartridge Is Inserted In Its place. The printhead, 
however, has a usable fife which outlasts the Ink supply;-" 
Methods h'aW beeW proposed to refill these single-use- " 
only print cartridges,' but such refiilihg techniques re-"-' 
quire penetration irito the print cartridge body In a main- 
ner not intended by the manufacturer i^d typically- rer 
quire the user to manually inject the ^hk into fiTe print 
cartridge. Penetration into the cartridge body ty^^ 
opens the' jprint cartridge ink bag to th e atrriosph ere,- and 
any backpressure within ^ie ink bag is lost. Additionally,-- 
the quality of the refill Ink Is usually lower than the quality 
of the original ink. As a result, such refilling frequently 
results in Ink drooling from the nozzles, a messy transfer 
of ink from the refill kit to the print cartridge reservoir, air 
pockets forming in the Ink channels, poor quality printing 
resulting from the Ink being Incompatible with the high . 
speed printing system, and an overall reduction In qual- 
ity of the printed Image. 

What is needed is an improved structure and meth-.. . 
od for recharging the ink supply in an Inkjet print car- • . 
tridge which is not subject to any of the above-men- 
tioned drawbacks of the existing systems: 

An ink printing system is described herein which in- 
cludes a print cartridge, having an ink reservoir and an 
Inkfill hole, and an Ink refill system for engaging the print 
cartridge's ink fill hole and transferring ink to the ink res- 
ervoir. 

In a preferred embodirnent, the Ink reservoir in the 
print cartridge consists of a spring-loaded cojiapslble ink 
bag, where the spring urges the sides of the Ink bag 
apart and thus maintains a negative pressure within the 
ink bag relative to ambient pressure. This negative pres- 
sure prevents Ink drooling from the nozzles. As the ink 
is depleted during use of the print cartridge, the ink bag 
progressively collapses and overcomes the spring . 
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An Ink fill hole extends through the print cartridge 
body and into the ink bag. This Ink fill hole is used by 
the manufacturer when initially filling the Ink bag with 
Ink. The ink fill hole has a stopper blocking the hole to 
prevent Ink leakage through the hole. 

An Ink refill system containing a supply of ink has a 
male valve, resembling a hollow needle, which is insert- 
ed through the ink fill hole and pushes the stopper into 
the ink bag. The male valve creates an airtight fluid com- 
munication path between the Ink bag and the inksupply 
in the ink refill system. * ^ i ^ | . ^ , .. .^ ^ ^ - 

The negative pressure within the print cartridge ink 
bag then draws the Ink from the Ink refill system into the 
ink bag until the ink bag Is subst^tially full; The Ink refill ' 
system Is then removed from the print cartridge. The 
male valve of theJnk refill system has a releasable tip. 
which Is pulled Into the ink fill hole to seal the ink fill hole. ' 
The tip Is then released frprn the rn9le valve such as by . 
unscrewing the Wale . valyis frorri the tip, Thus, the jieg- 
atlve p ressu re in' th^' in l< "bag ' is rnalntairi ed^ f h e p rint 
cartridge may again be used for printing. The tip can be 
reused for subsequent rechargihgs.v^ i>nuP!i »; 

. Fig. 1 Is a perspective view of the preferred embod- 
iment print cartridge Jncorporating an ink fill hole. 

Fig. 2 is a perspective view of the print cartridge of, 
Fig. 1 after assembly and prior to side covers being con- . 
nected. ■ ;■ '^r:^ a i^|^'v:.'*:?;:frr^-vtitjv.^ 

Fig. 3 Is a cross-sectional view of the pxint cartridge., 
of Fig. 2 taken along line 3-3 in Fig. 2. -i^v . - -a $ j 

- Fig. 4 is a cross-sectional view of the print cartridge;;^ 
of Fig. 2 taken along lirie 4-4 in Fig. 2. n ii 'c .i.^ 
:VFig. 5 is a cross-sectional viewof the print cartridge 
of Fig. 1 taken along line 5-5 in Fig. 1 Illustrating the 
initial filling of the print cartridge with ink. 

Figs. 6 and 7 illustrate the insertion of a steel ball In 
..the ink fill hole for sealing the fill hole. 

* Fig. 8 is a side view of the valve portion of an ink 
refill systisnri.for recharging the print cartridge of Fig. 1 . 

* Fig. 9 is an exploded view of the ink refill system of 

i Fig. i 0 is a perspective exploded view of the ink refill 

system of Fig. 8. — i r.,, 

' ^ Fig. 11 is a cross-sectlonaj view along line 5-5 in 
Fig. 1 showing the Insertion of^ a valve into the ink fill 
hole of the print cartridge of Fig. 1 . 
y Figs, -12, 13 and 14 Illustrate the techniques used 
to recharge the print'cartridge of Fig. 1 and to reseal the 
negative pressure ink bag yyithin the print cartridge. 
*^ ;Fig.. 15 Illustrates another design for the valve tip. 

Figs! 16, 17, 18,'and 19 inD^trate^afTembbd^^ 
a.syringe-type ink refill systenri for use with the print car- 
tridge of Fig. 1. • 

' Fig. 20 is a cross-sectional Vlew of another embod- 
iment ink refill system. 

Fig. 21 Is a cross-sectional view of the print car* 
tridge of Fig. 1 along line 20-20 in Fig. 1 while being 
recharged by the ink refill system of Fig. 20. 
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Fig. 22 is a cross-sectional view of the print car- 
tridge of Fig. 1 along line 20-20 in Fig. 1 illustrating the 
recharging of the print cartridge using a valve connected 
to a flaccid bag containing ink and using a rotatable print 
cartridge support. • 5 

Figs. 23 and 24 are cross-sectional views of the 
print cartridge of Fig. 1 along line 20-20 in Fig. 1 illus- 
trating the recharging of the jarint cartridge using a valve 
connected to a compressible bellows. 

Fig. 25 is a cross-sectional view of a print cartridge io 
illustrating the recharging of the print cartridge through 
an Ink fill hole which Is accessible when the print car- 
tridge Is installed in a printer. * 

Fig. 26 is a partial cut-away view of a guide sleeve 
and support for the inic refill system valve when connect- is 
ed to the print cartridge. 

Description of Print Cartridge 10 

Fig. 1 shows one perspective view of the preferred 
embodinnient print cartridge Jl p. Elenients labeled with ' 
the same nijmerals in other figures are identical! The' 
outer f rame 1 2 of print cartridge 1 0 is formed of rriolded ' 
engineering plastic, such as the material marketed un- 
der the trademark •NpRYL" by;' General EIecti;ic Com-; 2S 
pany. Side cbvers 1 4 miay be fdrnned of metal or plastic:' 
Datums 16, 17 and 18 affect the position of print car- 
tridge 10 when installed in a carriage In an Inkjet printer. 
Datums 16, 17 and 18 are machined after the nozzle - 
member 20 has been installed, on print cartridge J O to ^ 30 
ensure that all four print cartrkiges 10 (black and three*^-' 
primary color cartridges) Installed in the same carriage- ^ 
have their respective nozzles aligned with each other. 
Additional detail regarding the formation of datums 16, 
17 and 18 can be found in U.S. Patent No. 5.408,746, 3S 
entitled "Datum Fqrmatbn for Improved Alignment of 
Multiple Nozzle Members in a Printer," assigned to the 
present assignee and incorporated herein by reference. 

In, the preferred embodiment, nozzle member 20 
consists of a strip of flexible tape 22 having nozzles 24 40 
formed in the tape 22 using laser ablation. One method 
for forming such nozzles 24 js described in U.S. Patent 
No. 5,305,015, entitled "Laser Ablated Nozzle Member 
for Inkjet Printhead," by Christopher Schantz et al.. as- 
signed to the present assignee and incorporated herein 
by reference. 

Plastic tabs 26 are used to prevent a particular print 
cartridge 10 from being inserted into the wrong slot in 
the carriage. Tabs 26 are different for the black, cyan, 
magenta, and yellow print cartridges. so 

A fill hole 28 is provided for initially filling the ink res- 
ervoir in print cartridge 1 0 by the manufacturer. This hole 
28 Is later sealed with a steel ball, which was prevk>usly 
intended to be permanent. Such filling will be described 
later. ss 

A handle 30 facilitates insertion of print cartridge 10 
into, and removal of print cartridge 1 0 from, the carriage. 

Fig. 2 Is a view of print cartridge 10 of Fig. 1 without 



side covers 14. Figs. 3 and 4 are cross-sections of print 
cartridge 10 taken along line 3-3 and 4-4, respectively, 
in Fig. 2. ' ' 

Fig. 2 shows the collapsible ink bag 32, which pro- 
vides a negative internal pressure relative to atmospher- 
ic pressure. The constf'uction of ink bag 32 is as follows. 

A plastic inner frame 34 (Fig. 3) is provided which 
generally has the sarne contours as the rigid outerf rame 
12. Inner frame 34 is preferably formed of a plastic which 
is mbre'flexible than that used to form outer frame 12 
and has a lower meltirig' temperature. 'A suitable plastte 
material Is a soft pbiyolefin alloy. In the preferred em- 
bodiment, outer frame 1 2 Is used as a portion of the mold 
when forming inner frame 34. ^ ' ; ' . 
Additional detail regarding the formation of frame 1 2 and 
frarne;34 is found jn European Patent Application 
0604712; incorporated herein by reference. ' 

A bow spring 36 (Fig. 4) is provided," which may be 
cut from a strip of metal sucH jas stainiess steel. The 
apexes of the bight portions of bow'spfirig 36 are spot 
welded or laser welded to a central portion of rigid metal 
side'platets 38 and 39. A pair of ffexibie ink bag sidewails' 
40 and '42 (Fig. 4), formed of a plastic such as ethylene 
vinyl acetate (EVA) or Mylar, have'their peripheral por- 
tions heat welded to the edges of inner frame 34 to pro- 
vide a fluid seal and 'haye theiir' central portions heat 
welded tdside platens 38 arid 391 The preferred sidewalls 
40 and '42 are foVmed of a flexible hirielayer material de- 
scribed in U.S: Patent No. 5^450,1 12, incxir^pbra^ here- 
in by reference, 

' Jf\€i ink bag sidewalls '40 arOil 4^ now opposci side 
plates 3d'and 39 so as to pretensbn bow spririg 3^^ 
spring 3is now acts as a pressure regulator to i3rovlde a 
relatively constant outward force 'on the ihk'bag side- 
walls 40 arid 42 to provide a negative pressure on the 
order of -0.1 psi within irikbaig 32 (equiWlent to a relative 
pressure lDf about -3 inches of water). An acceptable 
negative pressure is in the range of approxinriateiy -1 to 
-7 inches of water, with the preferred range being -3 to 
-5 inches of water. . '* 

[ The actual negative pressuris required of ink bag 32 
is based on various factors, including the nozzle orifice 
architecture, the geometry of print cartridge 10 (includ- 
ing the outer expansion limits of Ink bag 32 as deter- 
mined by the thickness of print cartridge 10), and the 
horizontalA^ertical orientation of print cartridge 10 when 
mounted \n a printing position in a carriage. 

As ink is withdrawn ffonri print cartridge 10. ink bag 
32 will collapse. ■ //..^ ^ ' .. i 

" Edge' guards 46 and 48 (Fig. 4) may optionally be 
bonded to the SLirface of metal side plates 38 and 39 to 
pireyent the m.etel iedges of plates 38 arid' 39 from con- 
tacting and tearing the ink. bag sidewalls 40 and 42. 
Each edge guard may be a thin plastic cover layer ad- 
hesively secured to the outer face of side plates 38 and 
39 and slightly overiapping the edges. 

A mesh filter (not shown) is also provided on inner 
frame 34 within ink bag 32 to filter out particles prior to 
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the ink reaching the primary , ink channel 50 (Fig. 2) 
formed in the snout portion of outer frame 12. A print; 
head assembly 52 (Fig. 3) will, later be secured to the 
snout portion of print cartridge 10, and ink channels in 
the printhead assembly 52 win lead from the primary ink s 
channel 50 into ink ejection chambers on the printhead. 

Ink bag 32 is thus now completely sealed except for 
ink fill hole 28 and the opening for the primary, ink chan- 

, In the preferred embodiment, the amount of ink re- 10 
maining in jnk bag 32 is ascertained by means of ari Ink 
level detector, illustrated in FJgs. 1 a 2, formed^ as fol: 
lows. A first paper strip 54 of a solid color, such as green, 
is secured to Ink bag sidevyajl.42 via an adhesive. Jhe 
end of tills strip 54 is then bent over, the recessed edge is 
56 of frame 1 2 and lies flat against recessed surface 58 
of f rame i 2. A strip 60 of a different color, such as black, . 
is. provided with a . window 62. Ari^ adhesive on strip 60 
is then secured to sidewall 40. Strip 60 is bent over the. 
recessed edge 64 of frame 1 2 and now overlies strip 54 . 
on the recesi^edtsurface 58. Once the side plates. 14! 
(Fig. 1 fare siBcured to print cartridg^^^^ ??"P-,?.? 
1) hayirig a transparent w^ Which may be a hole^^ 

or a clear portjpri. is then secured over the recessed sur- , 
face 58 by adhesively securing strip 66 to the respective^ 25 . 
side covers\l 4 ori print caiftridge;,10. As the fiextole jnkj 
bag sidewalls;40 and 42 become closer togethe^^ 
Is dejaleted from ink bag ^32, the windowy62 in strip iSO^ 
wiil exppse less and less otthe cptor of strip^54, as see^ 
through window 68^ until the green color of strip 54 is^^ 30.. 
longer exposed through. windovy 68 and only the black 
strip 60 appears ^through window ,68. Print cart ridge JO, 
rnust then be recharged .using inl<^^^ and the^ 

rnethod described later. . " ^ . ^^^^•.Vi• 

Additionai information regarding the cons^^^^ 55 
the spring-loaded ink bag can be found in European Pat- 
ent Application 745482, incorporated, herein by refer- 
ence.. ; ■ \ V' . ., '■. 

other suitable negative pressure Ink reservoirs in-, 
elude a plastic bellows, an ink bag have an extemal 40 
spring, a reservoir having an exterrial pressure regula- 
tor, and a rigid reservoir whose internal pressure is reg- 
ulated by a bubble source. . . , .! . . 7 

The preferred printhead assembly 52 '(Flg.3) is de- 
scribed in U.S. Patent No. 5, 278, 584, entitled "Ink De- ^ 4S 
livery System for an Inkjet Printhead," by Brian Kisefe et 
al., assigned to the present assignee and incorporated , 
herein by reference. Additional information regarding 
this particular printhead structure maybe obtained from 
European Patent Application 0705694, incorporated SO 
herein by reference. . , 

Figs. .5-7 illustrate the preferred method of initially ^ 
filling print cartridge 10 with ink through Ink fill hole 28, ' 
best shown in Fig. 1 . Figs. 5-7 are taken along line 5-5 
in Fig. 1 and show outer frame 1 2, side covers 1 4, inner ss 
frame 34, flexible ink bag sidewalls 40 and 42, and metal 
side plates 38 and 39. In a first step, the air in ink bag 
32 is replaced with CO2 by sinriply injecting CO2 through 



ink fill hole 28. As described later, the CO2 helps prevent 
ajr bubbles fronri forming jn ink bag 32 after filling with 
ink. An ink delivery pipe 70 is then inserted through* ink 
fill hole 28, andjnk 72xis pjimpeid into the empty ink bag 
32 until the ink reaches fill hole 28. In the preferred meth- 
od, pipe 70 is inserted to near the bottorri of ink bag 32 
to minimize Ink splashing iand. the creation of foam,. ... ..^ 

.TJ Oncejnk bag 32 is full/a stainless steel ball 74.(Fig. ' 
6) is pressed into ink fijr hole, 28 by al plunger 76 until 
ball 74 is seiated a"nd 'firrrily secured in'" fill hole 28, as 
Sihown Jn Fig. 7. Ball 74 now seals irik ffl^^^ 

\ ,Prlnt,cartridge ib.is 'then positioned such that its 
snout is at the highest point, and any excess air is with- 
dravyn through nozzles 24^ (Fig. i j using aVacuum pump 
sealed .with .respect tojnbzzles 24. A sufficient amount 
of ink is then sucked through nozzles 24 to create the 
initial negative pressure in ink bag 32 equivalent' to 
about -3 to -4 inches of water. Due to the small diameter 
of nozzles 24 and the narrow width of the various ink 
channels, coupled with t^®^!" k viscosity, ^the negative 
pressure Vithifi- ink, b^^ does not diraw air through 
nozzles 24. In the oref erred embodiment, the capacity . 
of ink bag 32 is around,50 milliliters.. , ' • 

.^.^ Jhe completed print cart^^^ 10 is then inserted in-, 
to a sliding carriage^ iri an Inkjet prihter*^and used in a 
conventional manner until Ink bag 32 becomes progres- 
siyely depleted,.^ starting from^ aii expanded state to a . 
compressed state,^aH thie time nriaintaihing a negative 
pressure in ink bag 32., -; v*.- • \ < 

Description of Ink Refill Systems i. . 

Preferred, devices for recharging print cartridge 10 . 
via ink fill hole 28 , (or another ink fill hole) will how be 

describ^-"'' a.:^ 9r.^:i.xa^ ...a(^^-^.v,'.v. .r; 

Jhe various ink refill systems disc^ hlarein have 
a'rrale.Valye which is'^ed to press any stoppe^^ initially 
bipckjng ink filj hole 28Jnto ink bag 32 while 
sin^^lhlght fluid seal^ between the exterriaj jnk' reseirvbir 
and ink bag 32.'The ihkbag*3i2 is then'rebharged. When 
thei ink refi|l system is with original stopper or 

a new stopper releas^bly ^'cured to the tip of the rnale 
valve is automatically pu lied back into ink fill hole 28 to 
seat the stopper withiri ink fill hole 28. The stopper is 
then released from the ink'refill system. Various embdd- 
inients of such' ari ink refill system are described below. 

Jn Fig.^8, an Ink refill systeni 80 is proyideid with an 
ink* reservoir 82^om^^ reservoir 82. can 

take'Virtualiy any form. Ink resen^bir 82 is in fluid com- 
muhicatibn" with the hollow central bore 84 of a mate 
valve 86. Although the^entral bore''84 of valve 86 would 
norrnally be obscured, tiie p^ of this bore 84 

is illustrated in Fig:*8.^^ i * 

A rubber sleeve 88 is frictionally fasten'ed over a 
hole formed in valve 86 which extends Into the central 
bore 84. This hoje is shown as hole 90 in Fig. 9. which 
is an exploded view of ink refill system 80. 

A separate valvjB tip 92 is connected to valve 86 by 
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a screw thread 94 (Fig. 9) mating with internal threads 
in tip 92 or by other releasable securing nneans. In one 
ennbodiment, interlocking fins are used instead of 
threads to allow a release with only one-quarter turn. 
Suitable snap type couplings are also contenhplated. s 
Any suitable nnethod of rejeasably securing tip 92 to the 
end of valve 86 to allow tip 92 to be attached and then 
detached Is contemplated by this Invention. 

Valve 86 and tip 92 may be metal or plastic. The 
preferred length of valve 86 Is on the order of one inch, io 
but otKer lengths would also, be suitable. The outside 
diameter of valve 86 should be slightly greater than the 
dianrieterof fill hole 28. In one embodiment, the diariieter 
of valve 86 is about 0.18 inch. , 

Fig. 1 0 is a pierspective view oi the parts making up is 
the valve portion of ink refill system 80. 

Figs. 11-14 illustrate. the* method of using ink refill 
system 80 to recharge the depleted ink bag 32 in print 
cartridge 10. 

in Fig. 11 , which is a cross-sectional view along line 20 
5-5 in Fig. 1 . ink refill system 80 Is brought together with 
print cartridge 1 0 so that tip 92 provides a force on steel 
ball 74 initially seated in ink fill hole 28, This force push- 
es ball 74 through hole 28 and Into Ink bag 32. The 
movement pf valve 86 is shown by arrow 94 In Fig. 11 . 2S 
Since inner frame 34 is formed of a relaitlvely soft plastic, 
the walls of hole 28 deform to allow' tip 92 to pass 
through hole 28. . \ ' 

A further pushing of ink refill system 80 against print 
cartridge 10 causes sleeve .88 to slide up valve 86, as 30 
shown; in Fig. 12. so that hole 90 in valve 86 is now in 
fluid cbmrnunicatibn vyith ink bag 32.~The outer diameter- 
of valve 86 is such that it forms a tight seal with respect 
to ink fin hole 28, ./ .. .. 

The/negative pressure Internal to ink bag 32. now 3S 
automatically draws ink 95 through hole 90 f rorin the ex- 
ternal Ink reservoir into Ink bag 32 untjl either ink bag 32. 
is completely full or an equilibrium exists between the 
negative pressure in ink bag 32 and any negative pres- 
sure within the external Ink reservoir 82 (Fig.8). If there 40 
Is no positive pressure provided by ink refill system 80, 
ink bag 32 will not become overfilled so that ink drooling 
from nozzles 24 (Fig. 1 ) is prevented. 

As shown in Fig. 1 3, valve 86 is then pulled away 
from print cartridge 10, as shown by arrow 96, so as to 
seat valve tip 92 within ink fill hole 28. Ink refill system 
80 is then turned counter-cbckwise so as to release 
valve 86 from tip 92. The friction created between tip 92 
and the resilient frame 34 defining ink fill hole 28 pre- 
vents tip 92 from turning. so 

As shown In Fig. 14, ink refill system 80 has been 
completely removed leaving only valve tip 92 completely 
sealing ink fill hole 28. For a next recharge of print car- 
tridge 10, the user may simply thread the end of valve 
86 into the inner threads of valve tip 92 and again re- ss 
charge ink bag 32, as shown in Fig. 12. Alternatively, a 
new ink refill system already containing tip 92 nhay be 
inserted through ink fill hole 28 and push the old tip 92 



into ink bag 32, similar to pushing ball 74 into ink bag 
32. Thus, the same valve tip 92 may be reused many 
times or a new valve tip 92 may be used while pushing 
• the old valve tip Into ink bag 32. Hence, ink refill system 
80 in Fig. 8 may contairi a supply of ink for either one 
recharge or a number of recharges of print cartridge 1 0. 

If ink refill system 80 contains a number of recharg- 
es, rubber sleeve 88 may be spring-mounted onto valve 
86 so as to automatically cover hole 90 as the ink refill 
system 80 is removed from print cartridge 10. 

The print cartridge 1 6, as pirovkiecl by the manufac- 
turer, may have a valve tip 92 Initiaiiy blocking fill hole 
28 iristead of using a steel ball 74. In such a case, the 
ink refill system does not need to be provided with its 
own valve tip 92.* \ ' " ' ' 

Iri one embodiment, the external ink reservoii' 82 in- 
cludes a flaccid bag containing irik^ahd having ho air, 
within the flaccid bag. The amount of ink Iri the flaccid 
bag is less than the capacity of ink bag 32 so that the 
flaccid bag will be completely depleted prior to ink bag 
32 being completely full Thus; a negative pressure will 
remain in ink bag 32, and there will be no leakage from 
hole 90 wheri ink refill system 80 is rernbved frohi print 
cartridgellO. ' 

Fig. 15 Is a cross-sectibhai view a^^^^ line 5-5 in 
Fig. 1 showing a . different form of valve tip 102 to Illus- 
trate that there are nnany suitable shapes of valve tips 
which maybe used with any of thejnk refiil.systerns de- 
scribed herein. -V ,0- '/ 

Thus, an ink refill systerri has been described for 
creating a resealable airtight' fluki cbrinmunication path 
between ink bag 32 in print cartridge 1 p and the external 
ink supply connected to the ink refill system valve 86. 
The concepts described with respect to Figs. 8-14 may 
be utilized in a riiimber of embodinnents of ink refill sys- 
tems described below., . 

A second embodiment ink refill systerri i 06 is shown 
in Flg^je which contains two full ink recharges for print 
cartridge ^0. A^reusable valve jip. 92 is s hpvyn mechan- 
Ically coupled to valve 86. A spring-loaded rubber sleeve 
88 blocks hole 90 (obscured, by sleeve 88 and shown in 
dashed outline).. Spring 100 is shown. ' 

When, recharging' print cartridge .10, valve 86 Is in- 
serted into inkflll hole 28 in print cartridge 1 6 in the man- 
ner described with respect to Fig. 1 1 . It is assumed that 
the original steel ball 74 is blocking ink fill hole 28. The 
two recharges of ink within Ink refill system 106 are 
shown as first shot 1 08 and secorid shot 1 1 0. A plunger 
1 1 2 has a seal 1 1 4 which slldabiy engages the sides of 
the ink reservoir 116. 

In Fig. .17, valve 86 is inserted through ink fill.hole 
28 to dislodge steel ball 74 and create an airtight fluid 
communication path between the ink in ink bag 32 and 
the Ink in ink reservoir 116 via hole 90 fomned In valve 
86. Although a negative pressure in Ink bag 32 provides 
a force to draw ink 117 from ink reservoir 116, pressing . 
plunger 112 downward accelerates this transfer of Ink 
into ink bag 32. Plunger 1 1 2 is pressed into ink reservoir 
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1 1 6 until the bottom portion of seal 114 aligns with a par- 
ticular grid marking 11 8 on the side of ink reservoir 1 1 6. 
At this time, Ink bag 32 is substantially full. ' 

To ensure a minlnhum back pressure in ink bag 32/ 
plunger 112 is then pulled out of irik reservoir 116 a pre- s 
determined arnount to match another grid marking 120 
so as to pull a predetermined volume of ink out of ink 
bag 32 to ensure a minimum negative pressure within 
ink bag 32/, , ^ / ' , ^ * . . ,/ 

As shown in Fig. 18. ink refill system .106. is then io 
partially pulled out of ink fill hole 28 until yajve tip 92 
seats within ink fill hole 28. The.sprlng-Ioaded sjepye 88 . 
again covers hole 90 to prevent Ink leakage. Ink refill 
systenri 106 is then turned in a counterHclockwise direc; 
tion to decouple the end of valve 86 from yalve tip 92. ' 
Preferably, the screw threads 94 (Fig. 1 9) coupling valve 
86 to valve tip 92 require three4ums or leiss to decouple 
tip92fr6nn*Wlve86.- ' /' ' / |// ' / // ■/ 

Fig. "1 9 shows ink refill system 106 now completely . 
removed from print cartridge 1 0 and valve ti R92 remain- 2q 
ing in ink fill hole 28. As seen/the secohd shot 110 re-/ 
mains In ink refHI system 1 06 for a next recharge of print 
cartridge'10 using the same valve tip 92: ' / /, 

Incorporating fins of other types of gripping rnech- 
anisms on the surface of valve tip 92 may be used to 2S 
provide additional friction between valve tip 92 and the . 
resilient plastic frainhe 34 defining ink fill hole 28 ' Ink refill ' 
system 106 may be provided with three or niore charges 
in alternative embodiments. ^ " ' ' *' / -* " 

In all embodiments, care must be taken to preyenV 30 
any air ingestk^n into Ink bag 32 iand to prevent bverhlllng 

of ink bag "32; . ;C;/^::;' V/' J 'Z^-:^^^^.^ 

Fig. 20 is a cro^-sectibhal view of the valve portion ' 
of another ink refill system 'l21 where a supply of ink is_ 
connected via a tube 122 at a sub'stkntlally 90^ angle . 
with respect to the rrale vaive 12i3. In this embodirrient, 
no plunger is used to accelerate inkf rom the ink supply 
Into the ink bag 32. but a plunger "124 of a small size Is 
used to insert Valve 123 into print cartridge 10. A body 
125 provides a seal around valve 123. * ^^o 

Ink refill system 1 21 is then placed on print cartridge 
10 so that valve tip 92 is inserted into the ink fill hole 28. 
If another tip 92 resided In ink fill hole 28 from a previous 
recharge of print cartridge 10, then the tHreaded end of 
valv«,123 would be Inserted into the tip 92, and plunger 
1 24 would be turned In a clockwise direction to mechan- 
ically couple the end of male valve 123 into the end of 
.tip92. • ' ^ - ^ . - 

In Fig. 21, plunger 124 Is pressed down so that hole 
90 in valve 86 is now located In ink bag 32 and upper so 
hole 128 communicates with pipe 122. The negative 
pressure in ink bag 32 then draws ink 129 from the ex- 
ternal ink reservoir through pipe 122, through hole 128. 
and out of hole 90 into ink bag 32 until the external Ink 
reservoir has been emptied or the negative pressure in 
ink bag 32 is at equilibrium with any internal pressure in 
the external ink resen/oir. 

Plunger 124 is then lifted to seat valve tip 92 within 



ink fill hole 28 and turned in a counter-clockwise direc- 
tion to release the ink refill system 12l.from the valve 
tip 92. ' * ' ^ " ^[ ; ; • 

Figs. 22-24 are crpss-sectionalyjews illu stratin g ex- 
ternal ink reservoirs vrfiich may be useJwIth any of the 
valve embodiments previously described. 

In Fig/22/a flaccid bag 144 containing a supply of. 
ink is housed in a rigid base 1 46!. Valve 86, previously 
described, has its central bore in fluid comrnuriication 
with the ink within flaccid bag / */' 

'a rotatable support 148 rests o^ 146^ 
and receives print cartridgV 10 sd t^^^ print cartridge 10 / 
is in a predefermlnedjoptirfial position with .respect to/ 
valve 86.' Tabs '26 on print'cartridge 1 6, described with / 
respect to Fig. 1 , slide between slots 150 dp support 148 
to ensure that the black, 'yellow^ magenta, or cyan print ^ 
cartridges (each, having a unique combination of tabs' 
26) receive the'proper color Ink / 'y" ^^ 

• Hence, refill systems for each color Ink would have 
a different arrangement of slots 150. ,/ ]^', 

' /Once^ pririt cartridge 10 js properly 'placed within 
support 1 48,' support 'l 48 and print (^ii^ 1 0 are ra- 
taited in a clockwise direction to engage valve' tip 92 with" . 
the end^of valve 86*; assuiriing yaive tip 92/^ 
seated .within' ink fill hole 28 jri print cartridge 10.* /'/'^ J" ' 

Print cartridge 10 js^then further pushed do^^^ 
base 1 46 to cause valve tip 92 to'uhseat from ink fiji hole^ 
28 arid to cause liole^90 to then be' locajted within Ink^ 
bag 32. This may be done j3y providing a gap betweeh ' 
the bottom of supjabrt 148 and the top of baserj46'y^^^^ 
a spring Urging support 148 'a first d^ away f rdni^/ 

base 146: When support 148 is pressed against the top ;^ 
of base 1 ^6, a latch (or other engagirig rneans) then' ^h-/ 
gageis base 146 and support 148 to maintain this re- ' 
charge position until recharging is complete. /The nega- 
tive pressure within ink bag 32 in pi'jntcartridg^ 1 6 draws 
ink from flaccid bag 1 44 until flaccid bag 1 44 is ennpty 
or an equilibrium is achieved between the negative pres- 
sure in inkbag 32 and the downward press^^^ 
within the ink column betow print cartridge 10. Thus, a 
minimum negative pressure will remain within Ink bag 

After recinargirig, the latch is triggered so that valve 
tip 92 is again seated within fill hole 28. Print cartridge 
1 0 and support 1 48 are then rotated cbunterK^lockwise 
to mechanically decoupled valve tip 92 frbnrt the ink refill 

system. * ' * ' * w*-' "v . c * 

Fig. 23 is a cross-sectionjaVview illustriatlng an ink 
refill system where the external ink reservoir consists of 
a bellows 154 hiaving either an intemarspirihg or a cor- 
rugated exterior which urges thVbellows 1 54 fo be in an 
extended state. Thu^,' bellows 154 has a negative inter- 
nal pressure. A rigid base 155 supports bellows 154 and 
valve 86. * ' ■ . - ^ « 

Valve 86 and valve tip 92 are inserted into ink fill 
hole 28 as shown iri Fig. 24 and described with respect 
to the other embodiments. The negative pressure within 
ink bag 32 in print cartridge 10 then draws ink from bel- 



6 



11 



EP 0 795 409 A1 



12 



lows 154 and through hole 90 until the negative pres- 
sures In ink bag 32 and in bellows 154 are equal, at 
which time the transfer of ink automatically ceases. 
Base 1 55 may be used to support print cartridge 1 0 dur- 
ing the recharging process. The optimum negative pres- 
sure in bellows 1 54 depends upon the intended position 
of bellows 154 with respect to print cartridge 10 during 
refilling. For example, if bellows 154 is intended to be 
above print cartridge 10 while recharging, bellows 154 
must be provided with a greater negative internal pres- 
sure than if bellows 154 were to be located below print 
cartridge 1 0 during recharging. 

Fig. 24 illustrates the compressed bellows 1 54 after 
recharging. In the preferred embodiment, the amount of 
ink In bellows 154 Is on the order of 40 cubic centime- 
ters, and the depth of bellows 1 54 Is on the order of two 
centimeters. 

If the amount of ink in bellows 154 is less than the 
capacity of ink bag 32, bellows 154 may be manually 
compressed without fear that ink bag 32 will become 
overfilled. 

Fig. 25 is a cross-sectional view illustrating recharg- 
ing of print cartridge 10 using ink refill system 106, de- 
scribed with respect to Fig. 1 6, where the ink fill hole 28 
is located at a different location on print cartridge 10. 
This ink fill hole may be In addition to the Ink fill hole 
described with respect to Fig. 1 . When print cartridge 10 
Is installed in a conventional carriage, the location of ink 
fill hole 28 in Fig. 1 is blocked by the ink printer and the 
carriagiB so that print cartridge 10 would have to be re- 
moved from the ink printer for recharging. If an ink fill 
hole 28 were located in -handle 30 or along the back or 
top of print cartridge 10, Ink fill hole 28 would then be 
accessible while print cartridge 1 0 was installed in a car- 
riage. Print cartridge 10 can then be recharged without 
removing print cartridge 10 from the carriage. Such re- 
charging may take place either continuously, intermit- 
tently, or when ink bag 32 is substantially depleted of ink. 

The ink refill technique shown in Fig. 25 is identical 
to that shown In Figs. 16-18. and the description will not 
be repeated. Identical numerals In the figures refer to 
identical structures. 

Numerous structures may be used in conjunction 
with the ink recharge techniques described herein to en- 
sure that the male valve 86 is substantially perpendicu- 
lar with respect to inkfill hole 28: This ensures an airtight 
seal and prevents breaking or bending of the male valve 
86. Other designs may ensure that the valve 86 system 
is mechanically coupled to the valve tip 92 prior to the 
valve tip 92 being pushed into ink bag 32. 

Fig. 26 is a cut-away view of valve 86 engaging a 
guide sleeve 160 which has a support portk>n 162 rest- 
ing on print cartridge 10 to ensure that sleeve 160 is 
substantially perpendicular to Inkfill hole 28. Knobs 164 
extending from valve 86 are blocked by stops on sleeve 
160 when valve 86 is forced downward unless valve 86 
is turned one-quarter turn to engage valve tip 92. Nu- 
merous other embodiments for such a guide means and 
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inadvertent decorking mechanism may be devised. 
Support portion 162 may also contain slots for interact- 
ing with tabs 26 (Fig. 1) on print cartridge 10 to ensure 
that the correct ink refill system is connected to the prop- 
er print cartridge 10. 

Conclusion 

While particular embodiments of the present inven- 
tion have been shown and described, it will be obvious 
to those skilled In the art that changes and modifications 
may be rhade without departing from this invention in its 
broader aspects as defined in the appended claims. For 
example, although a negative pressure ink bag 32 is de- 
scribed, a negative pressure ink bag 32 may not be nec- 
essary. The ink bag 32 in print cartridge 1 0 will be refilled 
as long as the refill ink supply is at a pressure greater 
than the pressure in the ink bag. Such a pressure differ- 
ential may be obtained by raising the external ink supply 
above the print cartridge or providing the external ink 
supply with an Internal positive pressure: The external 
ink reservoir may take any form and may be a flaccid 
bag or a rigid vessel which may be vented or nonyented. 
Positive or negative pressure may be achieved using a 
sprjng bag, a bellows, a baltoon, a syringe, a pressure 
regulator in series with the extemal Ink reservoir and the 
print cartridge, or any other known technique. . 
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1 . A printing systerh comprising: 



an ink resen/oir (82) for containing ink; 
a hollow needle (86) having a first opening (84) 
for receiving inkfrom said ink reservoir and hav- 
. Ing a first end; ' f 
a releasable valve tip (92) configured to be se- 
cu red to said first end of said hollow needle and 
readily releasable from said first end, said valve 
tip having an outer surface shape which Is de- 
signed to seal an ink fill hole (28) of a print car- 
tridge (10); ■ 



45 2. The system of Claim 1 wherein said first end of said 
hollow needle (86) has a first engaging means (94) 
for coupling to a second engaging means on said 
valve tip (92) for altowing securing said valve tip to 
said first end and releasing said valve tip from said 
first end. 

3;' The syistem of Claim 2 wherein "said first engaging 
means (94) is a first screw thread and said second 
engaging means is a second screw thread. 

4. The system of Claim 1 wherein a diameter of said 
hollow needle (86) Is such that said hollow needle 
creates an airtight seal around a periphery of said 
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ink fill hole (28) of said print cartridge (10) when in- 
serted through said ink fill hole. 

The system of Claim 1 wherein said valve tip X92);. 
has a recessed portion in its o"t«r surface wh.ch^s 
enaaqed by a periphery of said ink fill hole (28). 
Sn said valve tip Leated within saw inkfho^^^ 
to form an airtight seal of said ink fill hole. 

The system of Claim 1 further.comprisinig a print 

lartridge (10) having said ^^^ ^^j;^^ ' 
fill hole communicating with an ink .charT3ber^(32)., 
Within said print cartridge, said ink fill ho'«.i;3y'"9 ■ 
diameter such that said valve tip (92) se^ats w,tri.n 
. said ink fill hole and seals sakJ ink chamber. . . .. . 

The syi^m'of Claim 6 wh;raln:4id'ink'<^i^:, 
comprises an ink bag (32) which .s at a neg^^« 
pressure relative to the. atmosphere, and wjere|n , 
sSd hollow needle (86) creates an airtight seal, 20 
a^und a periphery of said.mk -fill. hole. (28 when . 
fnserted through said inkfillhole so that said inkbag.. 

becomes recharged with inkfrom said ink re^ervoir^ 
■ (82)wtthoutairentering.8aid.inkbag. , -.,:<.,.rv. 

A method for recharging a print rartridgeboni|.r^^_ 
ing the steps of. . • •. >••> ■ • • ..ji i:, i.i' :.' 

inserting a first end of a hollow needle (86) 
through an ink fill hole (28) in a print cartridge 
(10) and into an ink chamber (32) within said 
print cartridge, a first opening (90) in, said hoh 
tow needle communicating with ink within an ink 
resenwir (82). said first end of said holtow nee- 
. die being releasably connected to a^valve tip 

erring ink from'said mk reservplr; through 
said first opening, and into said ink chamber 
within said print cartridge; ■ . ^ 
withdrawing said hollow needle trom saW ink 
chamber until said valve tip seats within said 
ink fill hole to seal said ink chamber;, and 
disengaging saidfirst end of said holtow needle 

from said valve tip. 

The method of Claim 8 wherein said st^P o< di^en^ 
gaging said first end of said hollow needle (86 f ram 
said valve tip (92) comprises the step of rotating 
saS hollow needle with respect to said valve, tip to 
disengage said first end from said valve tip. 

10. The method of Claim 8 further co'^P['^''^9j^2f 
of engaging saidfirst end of said hollow needle (86) 
with said valve tip (92) while said valve tip is seated 
w thin said ink fill hole (28) of said print cartridge 
00) prior to inserting said first end of said holtow 
needle through said ink fill hole. 
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